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A membrane separator assembly for separating solids from water 
includes opposing enclosure wall structures (106a, 106b), a membrane 
module unit (102), and a gas diffuser (104) disposed below the membrane 
module unit (102). The membrane module unit (102) includes a plurality 
of membrane modules (103) respectively having at least one separating 
membrane (113) extending between at least two membrane fixing 
members (114). At least one of the membrane fixing members (1 14) has 
a main passage (115) which is in fluid communication with a membrane 
passageway. The membrane passageway is accessible to water via 
permeation through the separating membranes (1 13) and is inaccessible to 
solids which are impermeable relative to the separating membranes (113). 
The membrane separator assembly is preferably used with a detergent 
containing percarbonate, preferably sodium percarbonate. The detergent 
may also include a bivalent iron salt, and, optionally, an oxidizer other 
than hypochlorite and hydrogen peroxide, a surfactant, a chelating agent, 
and/or a pH regulator. 
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MEMBRANE ASSEMBLY FOR SOLID-LIQUID SEPARATION, METHOD 
OF CLEANING THE SAME, AND DETERGENT 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention relates to a novel construction for a membrane assembly 
suitable for solid-liquid separation, especially solid-liquid separation techniques 
designed to obtain purified water. 

2. Description of the Related Art 

Sand filtration and gravity precipitation techniques are known for performing 
solid-liquid separation in water purification treatments, treatments of sewage and 
waste water, and treatments of industrial waste water. However, the solid-liquid 
separation of such to-bc^-treated water (also referred to herein as object water) based 
on these conventional techniques often produces treated water of insufficient quality. 
To raise the quality to an acceptable level, vast and complex sites 1 arc needed to carry 
out the solid-liquid separation with these conventional techniques-. 

In recent years, the use of membrane modules containing separating 
membranes, such as precision filtration membranes or ultra-filtration membranes, 
have been proposed as alternative methods for solid-liquid separation of object water. 
When object water is subjected to filtration treatment with separation membranes, 
high quality treated water can be obtained, thus overcoming the drawbacks of the 
conventional sand filtration and gravity precipitation techniques. 

However, prolonged use of separating membranes for solid-liquid separation 
of object water can cause suspended solids to clog the membranes, thereby decreasing 
the filtration flow rate and/or increasing the differential pressure between membranes. 
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In order to restore a normal soHd-Kquid separation condition, the suspended solids are 
removed from the surfaces of the membranes fay vibrating the seating membranes 
with diffusing air supplied from air diffusion pipes provided below the membrane 
modules. Vibration of the separating membranes only provides a temporary solution. 
5 however, since suspended solids tend to clog even diffusion-vibrated membranes, 
especially after long periods of use. Tims, it is necessary to conduct frequent 
maintenance work to maintain a normal filtration flow rate. 

Japanese Patent Uid-Open No. 257378/1996 proposes a method in which a 
substantially parallel gas-liquid mixed flow is created in a membrane module unit by 
10 providingenclosure walls in direct contact with outermost membrane modules. 
However, although a parallel flow is created by this arrangement^ the present 
inventors have found that this arrangement results in a low membrane scrubbing 
efficiency. 

A system for moving air diffusion members has been proposed by Japanese 
15 PatentLaidOpenNo.24596/1996. m this system, movement of the diffusion 
members creates a turbulent flow of bubbles. This turbulent flow increases the 
efficiency of the system, but at the same time increases the power requirements for 
the system due to the need to move the diffusion members. Moreover, the movable 
members are prone to breakage, thereby increasing maintenance Work frequency and 



20 cost 



SUMMARY OF THE INVENTION 
It is therefore an object of this invention to overcome the above-discussed 
drawbacks by providing a solid-liquid separating membrane assembly which operates 
25 in such a manner that the clogging of membrane surfaces with suspended matter is 
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rarely encountered, even when filtration of the object liquid is carried out over a 
prolonged and continuous period of time. 

In accordance with the principles of this invention, the above and other objects 
are attained by the provision of a liquid-solid separating membrane assembly for 
5 separating solids from water. The membrane separator assembly comprises at least 
one membrane module unit (or subassembly) comprising a plurality of membrane 
modules, a gas diffuser disposed below the membrane modules, and an enclosure 
subassembly comprising opposing enclosure wall structures. The gas diffuser is 
constructed and arranged to diffuse a gas therefrom and clean the surfaces of 
10 vertically oriented separating membranes of the membrane modules with a gas-liquid 
mixed flow generated by the diffused gas. The enclosure wail structures are 
constructed and arranged to guide the gas diffused by the gas diffuser to the surfaces 
of the separating membranes, yet permit the liquid to flow through the enclosure 
■* subassembly. 

15 At Jeaat some of the membrane modules each respectively comprise ac least 

two membrane fixing members and one or more of the vertically oriented separating 
membranes extending between the membrane fixing members. At least one of the 
membrane fixing members has a main passageway formed therethrough. The main 
passageway is in fluid communication with one or more membrane passageways. 
20 According to one embodiment, the membrane passageway is defined by opposing 
spaced separating membrane sheets. According to an alternative embodiment, the 
membrane comprises one or more yam-like members comprising hollow fibers, such 
as polyolefin fibers, which each individually define a membrane passageway. The 
membrane passageways are characterized by being accessible to water via permeation 
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through the separating membranes and being inaccessible to solids which are 
impermeable relative to the separating membranes. 

At least two of the enclosure wall structures are arranged parallel to the 
membrane modules positioned therebetween and are respectively spaced by a 
5 clearance from separating membranes of outermost ones of the membrane modules. 

Another object of this invention is to operate the above-discussed membrane 
separator assembly as a filtration system in such a manner that operation of the 
filtration system effectively maintains the membranes of the assembly substantially 
sludge free so that maintenance requirements arc significantly reduced compared to 
10 conventional assemblies. In preferred embodiments of the invention, gas discharged 
from a gas diffuser of the assembly is discharged at a rate of from about 10 to about 
150 NraVm 2 per horizontal cross-sectional area of the membrane assembly, at average 
vertical and horizontal flow velocities of from 0.01 m/sec to 1.5 m/sec. 

Another object of this invention is the provision of a detergent for a membrane 
1 5 assembly, especially the above-discussed liquid-solid separating membrane assembly 
of this invention. In a preferred embodiment, the deteTgent contains percarbonate, 
such as sodium percarbonate, and optionally a bivalent iron salt and one or more 
additives selected from the group consisting of an oxidizer other than hypochlorite 
and hydrogen peroxide, a surfactant, a chelating agent, and a pH regulator. 
20 Other objects, aspects and advantages of the invention will be apparent to 

those skilled in the art upon reading the specification and appended claims which, 
when read in conjunction with the accompanying drawings, explain the principles of 
this invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
( The accompanying drawings serve to elucidate the principles of this invention 
by illustrated of preferred embodiments of the invention. In such drawings: 
FIG. 1 is a partial sectional view of a liquid-solid separating membrane 
5 assembly installed in a treatment vessel in accordance with a first embodiment of this 
invention; 

HQS. 2A and 2B respectively are a perspective, partially sectional view and a 
side view of the assembly of FIG. 1. depicting opposing enclosure wall structures, a 
difraser, and a membrane modnle unit comprising a plurality of membrane modules 
10 of the assembly; 

FIG. 3 is a plan view of the assembly of FIG. 1; 
FIG. 4 is a perspective view of an alternative membrane module for the 
assembly of this Invention; 

FIGS. 5-12 are side views of various arrangements of the membrane module 
15 unit, diffuscr, and opposing enclosure wall stiuctures of the assembly, 

FIGS. 13-24 are sectional views of various embodiments of the membrane 
fixing member, illustrating various sectional shapes that the membrane fixing member 
may possess; 

FIG. 25 is a partial sectional view of a liquid-solid separating assembly 
20 installed in a treatment vessel in accordance with a second embodiment of this 
invention; 

FIG. 26 is a perspective, partially sectional view of the assembly of FIG. 25, 
depicting opposing enclosure wall structures, a diffuser. and a membrane module unit 
comprising a plurality of membrane modules of the membrane separator assembly; 

5 
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PIG. 27 is a variation of FIG. 26, depicting four enclosure wall structures 
enclosing the membrane module unit; 

FIGS. 28-30 are plan views of variations of the assembly of FIG. 25; 
FIGS. 31-39 are elevational views of various examples of the enclosure wall 
5 structures; 

HQS. 40 and 41 are respectively perspective views illustrating the attachment 
of opposing enclosure wall structures; 

FIG. 42 is a perspective view of a gas difiuser suitable for use in the present 
invention; 

10 FIG. 43 is a sectional view of a main pipe of the gas difftwer of HO. 42, taken 

along sectional line LXIH-LXIH of FIG. 42; 

FIG. 44 is a variation to the sectional view shown in FIG. 43; 
FIG.45 is a sectional view of a branch pipe and port of a gas diffuser suitable 
for use with the present invention; 
15 FIGS. 46A t 46B, ff7A, 47B, 48A, and 48B are schematics.of a hollow tubular 

member suitable for use with the gas diffuser of FIG. 45; 
FIG. 49 is a sectional view of a diffusion pipe; 

FIG. 50 is a partial sectional view of a liquid-solid separating membmne 
assembly installed in a treatment vessel in accordance with a third embodiment of this 
20 invention; 

FIG. 51 is a perspective, partially sectional view of the assembly of FIG. 50. 
depicting opposing enclosure wall structures, a diffuser, and membrane module units 
each comprising a plurality of membrane modules of the assembly; 
FIG. 52 is a plan view of the assembly of FIG. 51 ; 
25 FIG. 53 is a plan view similar to FIG. 53, but showing a partition plate; 
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FIG. 54 is a plan view similar to FIG. 52, but showing a different arrangement 
of membrane module units; 

FIG. 55 is an example of a hollow yarn membrane according to another 
embodiment of the invention; and 
5 FIGS. 56 and 57 are respectively perspective and plan views of another 

embodiment of a membrane module suitable for use with the various embodiments of 
this invention. 

DETAILED DESCRIPTION OF THE INVENTION 
1 0 A liquid-solid separating membrane assembly 120 according to an 

embodiment of the present invention is shown in FIG. 1 installed in a treatment vessel 
100. As will be explained in further detail below, the assembly 120 is designed to 
clean to-bc-treated liquid (also referred to herein as object liquid) 101a by subjecting 
the object liquid 101a to solid-liquid separation using separating membranes. For 
1 5 example, in accordance with one application of this invention, the object liquid 1 0 1 a 
is biologically treaied as it is aerated in the treatment vessel 100 to thereby provido 
cleaned water, which is removed from the treatment vessel 100 via recovery flow 
passage 102\ 

Referring to FIGS. 2A and 2B, the illustrated membrane separator assembly 
20 1 20 comprises a membrane module unit 102 having a substantially parallclopipedal 
shape, a gas diffuser 104, and an enclosure subassembly. The membrane module unit 
102 includes a plurality of parallel-arranged flat-type membrane modules 103. Each 
of the modules 103 comprises a vertically extending, sheet-type separating membrane 
1 13 and two vertically extending, membrane fixing members 1 14 located at opposite 
25 sides of the separating membrane 113. As will be discussed in further detail below. 
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one or both of the membrane fixing members 1 14 also serve as fillrate collecting 
members. 

Tie gas difluser 104 is provided below the separating membranes 1 13 and is 
constructed and arranged to diffuse a gas and clean the surfaces of the separating 

5 membranes 1 13 with a gas-liquid mixed flow generated by the diffused gas. 

The enclosure subassembly comprises enclosure wall structures 106a and 
106b. The membrane module unit 102 is positioned to be in a vertically extending 
area interposed between the enclosure wall structures 106a and 106b. (See FIGS. 5- 
12.) The enclosure subassembly can completely surround the membrane module unit 

TO 102 as discussed below (see FIG. 28), or can only partially enclose the membrane 
module unit 1 02, as in the case of enclosure wall structures 106a and 1 06b of FIG. 2. 
The enclosure wall structures 1 06a and 1 06b are arranged substantially parallel with 
the membrane modules 103 and are spaced from outermost ones of the membrane 
modules 103 to provide an clearance for permitting the object liquid 101a to move 

15 between the membrane separator unit 120 and the enclosure wall stiuctures 106a and 
106b'in the vertical direction. 

The enclosure wall stiuctures 106a and 106b of the enclosure subassembly 
may be connected to one another or, alternatively, may be unconnected. However, 
when connected, me connectors should not prevent object liquid from passing along 

20 the entire length of the enclosure wall subassembly in the vertical direction. For 
example, where cross bars arc selected as the connectors, the cross bars should be 
arranged, such as with spaces therebetween, for permitting the passage of object 
liquid. If a plate extending horizontally between the enclosure wall structures is 
selected as the connector, the plate should include flow passages therethrough so as to 

25 permit liquid to flow through the enclosure wall subassembly in a vertical direction. 

8 
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Although only a single membrane module unit 120 is illustrated in FIG. l % it is 
to be understood that a plurality of membrane module units can be used, and that the 
membrane module units can be arranged in a continuous or discontinuous manner at 
predetermined or irregular intervals. It is also to be understood thai a plurality of gas 
5 diffuscrs 104 may be used. For example, for each membrane module unit, there may 
be a corresponding gas diffuser. 

As will be explained In greater detail below, a representative and non- 
exhaustive list of separator membranes 1 13 suitable for use in the present invention 
includes flat-type membranes, hollow yam membranes, tubular membranes, and bag- 
10 type membranes, and combinations thereof. A non-exhaustive list of representative 
materials suitable for making the membrane modules 103 include cellulose, 
poiyoJefms, polysulfone, fluoropolymere such as PVDF (polyvinyl idene fluoride) and 
PTEE (pojytetrafluoroethylene), and ceramic materials, and combinations thereof. 
Other suitable materials include polyacrylonitrilc, polyesters, polycarbonate, nylon, 
15 polyvinyl alcohol, cellulose, and silicon. 

Appropriate pore diameters of the separating membranes 1 1 3 are not specially 
limited. It is possible to use separating membranes having average pore diameters in 
a range of from 0.001 Jim to 0. 1 fim, which are also known as ultra-filtration 
membranes. Another suitable type of separating membranes includes those having 
20 average pore diameters in a range of from 0, 1 Jim to 1 Jim, which are also known as 
precision filtration membranes. It is understood, however, thar the separating 
membranes 1 13 can have even smaller or larger pore diameters than those mentioned 
above. The selected size for the pore diameters generally depends upon the intended 
application, i.e., the particle diameters of substances in the object liquid to be subject 
25 to the solid-liquid separation. For example, separating membranes used for the solid- 
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liquid separation of, for example, active sludge preferably have a pore diameter of not 
more than 0.5 um, and separating membranes used for the filtration of clean water 
which requires the sterilization thereof preferably have a pore diameter of not more 
than 0.1 ym. 

5 FIGS 3 and 4 show in greater detail one of the membrane modules 1 03 of the 

membrane module unit 102. In this illustrated embodiment, the two membrane fixing 
members 1 14 have respective central main passageways 115 and associated slits 1 1 6 
extending radially from the associated central main passageway 1 15 to a periphery of 
the membrane fixing member 1 14. The separating membrane 1 1 3 comprises a knitted 
1 0 fabric (e.g., yarn as weft yarn) comprising a plurality of hollow fibers arranged in 
series. This typo of separating membrane 1 13 is also referred to as a hollow yarn 
membrane. The hollow yarn membrane 113 is fastened at end portions thereof to 
membrane fixing members 1 14 by fixing the end portions of the membrane 1 14 into 
the elongated slits 1 16 of the membrane fixing members 1 14. (Although the 
1 5 illustrated embodiment shows two membranes 1 1 3 extending between the membrane 
fixing members 1 14, it is to be understood that one membrane or more than two 
membranes may be used, and that different types of membranes may be used in 
combination.) 

As discussed below in connection with FIG. 55, the hollow yam membranes 
20 1 1 3 can be manufactured by using knitted fabrics having regular yarn 1 1 1 as warp 
yam, and hollow yam 1 12 as weft yarn with openings 1 10 Formed at end portions 
thereof. Generally, the yarn is formed of a material which is accessible to water via 
permeation through the separating membranes 113 and inaccessible to solids which 
aTe impermeable relative to the separating membranes 113. The hollow portions of 
25 the membranes 1 1 3 define membrane passageways which arc in fluid communication 

10 
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with inner main passages 115 of the membrane fixing memben 114. Suitable 
membranes, such as STERAPQRE-HF series membranes, are available from 
Mitsubishi Rayon Co., Ltd of Tokyo, Japan. 

A synthetic resin (for example, an epoxy resin) is applied in the slits, but 
5 around the periphery of the membranes 1 13. so as to possess an elongated, 

substantially rectangular cross section. The synthetic resin fixes the hollow yam 
membrane 1 13 to the inside of the slits 1 16 and seals inner main passages 1 15 of the 
membrane fixing members 114 in a liquid-tight manner. The hollow yam membranes 
1 13 ate especially useful for sludge treatment, since sludge rarely causes the hollow 
10 yarn membranes 1 13 to gather in a unitary solidified body, and the scrubbing of the 
membranes 1 13 by the gas from the difiuser 104 can be done effectively. 

According to another embodiment shown in HQS. 56 and 57, each of the 
modules 103 can include a pair of facing flat membranes 113a and 113b, so that the 
membranes 113a and lI3bcoficctively define a channel 1 13c therebetween. As in the 
15 embodiment shown in FIG. 4, the edges of the membranes IBaand TI3b can be 
disposed within slits IKS of the inner main passages 115 and sealed with a sealant. 
Generally, the membranes 1 13a and 1 13b are fonned of a material which is accessible 
to water via permeation through the separating membranes 113a and 1 13b and 
inaccessible to solids which are impermeable reladve to the separating membranes 
20 113aandII3b. 

Oas (eg., air) fed to the diffuser 104 (via blower 105a) is discharged from gas 
discharge ports 104a of the gas diffuser 104 generates bubbles 104b, which reach the 
surfaces of the membrane modules 103 through the object liquid 101 a. and pass 
through the portions of the object liquid 101a in the vicinity of the surfaces of the 
25 membrane modules 103 before being discharged from the liquid surface to the 
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atmosphere. During this time, the bubbles 1 04b float up to the liquid surface through 
the object liquid 101a, so that an upwardly moving gas-liquid mixed flow comprising 
the object liquid 101a and bubbles 104b is generated. The gas-liquid mixed flow 
containing the bubbles 104b scrubs the surfaces of the separating membranes 113* 
5 thereby preventing solid matter from being deposited on and clogging the surfaces of 
the membranes 113. 

As shown in FIGS. 2A, 2B, and 3, the enclosure wall structures 106a and 106b 
can be arranged on opposite sides (e.g., to the left and right) of the gas diffuser 104 to 
guide the gas discharged from the diffuser 104 to the separating membranes 1 13. 
1 0 Although not shown in FIGS. 1-4, another set of enclosure wall structures can be 
arranged on the remaining opposing sides (e.g. 9 front and rear sides) of the gas 
diffuser 104 so that the enclosure wall structures are disposed on all four sides of the 
gas diffuser 104 so as to enclose the gas diffuser 104 from all sides. If only two 
enclosure wall structures are used, performance is enhanced by disposing the 
1 5 enclosure wall structures parallel to the separating membranes 113 as depicted in 
FIGS. 2A, 2B> and 3. rather than perpendicular to the separating membranes 1 13. 

Although the enclosure wall structures 106a and 106b are shown having aflat- 
type configuration, it is to be understood that the enclosure wall structures 106a and 
106b can have corrugated or other configurations. Representative materials for the 
20 enclosure wall structures include, by way of example, resins, metals and ceramic 
materials. Flat plate type enclosure walls and conugated plate type enclosure walls 
can be used. 

As best shown in FIG. 5, the enclosure wall structures 106 (when viewed from 
a side view) may coextend in a continuous manner along the entire respective lengths 
25 of the membrane module unit 102 and the gas diffuser 104 to promote efficient 

12 
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scrubbing of the separating membranes 1 13. Alternative arrangements may also be 
used, such as those shown in FIGS. 6-10, in which the enclosure wall structures 106 
extend along only portions of the membrane module unit 102 and/or the gas difftiser 
104. For example, FIG. 6 shows an example in which the enclosure wall structures 
5 106 do not extend along the gas diffuser 1 04, but extend along portions of the length 
of (he side surfaces of the membrane module unit 102. FIG. 7 is an example in which 
the enclosure wall structures 106 extend along side the entire length of the membrane 
module unit 102, but do not extend along the length of the gas diffuser 104. FIG. 8 
depicts an example in which the enclosure wall structures 1 06 do not coextend with 
10 the side surfaces of the membrane module unit 102, but do extend along the entire 
side surfaces of the gas difftser 104, with upper portions of the enclosure wall 
structures 106 protruding towards the membrane module unit 102. FIG. 9 is ah 
example in which the enclosure wall structures 1 06 do not coextend along the length 
of the gas diffuser 1 04 f but do coextend along the entire side surfaces of the 
15 membrane module unit 102, with Iowa- portions of the enclosure wall structures 106 
projecting toward the gas difftiser J 04. FIG. 10 is an example in which the enclosure 
wall structures 106 continuously coextend along the entire side surfaces of the gas 
diffuser 104, but extend along only a portion of the membrane module unit 102. FIG. 
1 1 depicts an arrangement in which only portions of the enclosure wall structures 1 06 
20 overlap in length, while HG. 12 depicts an example in which the enclosure wall 
structures 106 have different heights. Although it is preferable that each of the 
enclosure wall structures 106 be continuous as shown in the illustrated embodiment, 
the structures may be discontinuous, so that separate and distinct portions of the 
enclosure wail structures 106 extend along the membrane module unit 102 and the 
25 diffuser 106. 
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It is also preferable that the membrane fixing members 1 14 of the membrane 
module unit 102 be arranged in close proximity to one another in the lateral direction 
as shown in Figs. 2B and 3. By placing the membrane fixing members 1 14 in close 
proximity to one another, i.e., with small clearances therebetween, the membrane 
5 fixing members 1 14 collectively serve a similar function to the enclosure wall 
structures 106, so that enclosure walls can be excluded from the sides of the 
membrane module unit 102 which are perpendicular to the membrane modules 103. 
In this manner, the object liquid 101 is permitted to pass through the clearances 
between the membrane fixing members 1 14 and move from the inside of the 

10 membrane module unit 102 to the outside thereof, or in the reverse direction. 
Therefore, a turbulent flow occurs, and liquid cleaning efficiency increases. 

As mentioned above, the membrane fixing members 1 14 arc hollow so as to 
define a central main passageway 1 15. In the illustrated embodiments, the membrane 
fixing members 1 14 are rod shaped and the central main passageway 115 has a 

j 5 circular cross section. It is to be understood, however, that the membrane fixing 

members 114 and/or the central main passageway 1 15 may have various other shapes, 
such as, by way of example, circular (FIG. 13), triangular (FIG. 14), semicircular 
(FIG. 15), elliptic (FIG. 16), square (FIG. 17), polygonal (FIG. 18), or otherwise. As 
evident from FIGS. 13-18, the cross-sectional shape of the membrane fixing members 

20 114 may be selected independently of the cross-sectional shape of the main 
passageway 1 15. 

As shown in FIGS. 19-24, the clearances between membrane fixing members 
1 14 of adjacent modules 103 can be reduced by providing laterally extending 
projections 1 18 on one or more or all of the membrane fixing members 1 1 4. Each of 
25 the membrane fixing members 1 14 can contain one or a plurality of laterally 
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extending projections 1 1 8. As shown in FIGS. 20 and 23, the laterally extending 
projections may be radially aligned with the membrane fixing members 1 14 or, as 
shown in FIGS. 19, 21, 22, and 24 f tangential to the membrane fixing members 1 14- 
In order to further explain the invention, the following terms will be defined. 
5 As referred to herein, the side surface area of the membrane module unit 102 

represents the area, taken from a side view facing the sides of the membrane fixing 
members 1 14, of a rectangular area defined by vertical peripheral portions of the 
outermost membrane modules 103, a horizontal Tine passing the upper apexes of the 
membrane modules 103, and a horizontal line passing the lower apexes of the 
1 0 membrane modules 103. For example, the side surface area of the membrane module 
unit 102 shown in FIG. 2B is defined by lines L3 and L4 passing through vertical 
peripheral portions of the outermost membrane modules 3 and horizontal lines LI and 
L2 respectively passing through the upper and Jower apexes of the membrane 
modules 1 03. If the membrane modules 103 are arranged at have different heights, 

15 the top of the side surface area is defined by the horizontal line passing through the 
highest apex or apexes of the membrane modules and the bottom of the side surface 
area is defined by the horizontal line passing through the lowest apex or apexes of the 
membrane modules 103. 

As referred to herein, the side surface area of the membrane fixing members 

20 1 14 in the membrane separator unit 102 shown in FIGS. 2A and 2B represents the 
sum of the side surface areas of the four membrane fixing members 114, which are 
best shown hi FIG 2B. 

As referred to herein, the horizontal cross-sectional area of the membrane 
module unit 102 represents a horizontal cross-sectional area of a substantial 

25 parallelepiped defined by the inner portions of the opposing enclosure wall structures 
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106. For example, in the membrane separator unit 102 shown in FIG. 3, the 
horizontal cross-sectional area of the membrane module unit 102 represents a 
rectangular area defined by an inner line LS of the enclosure wall structure 106a, an 
inner line L6 of the other enclosure wall structure 106b, a line L7 connecting left end 

5 portions of the enclosure wall structures 106a and 106b, and aline L8 connecting 
right end portions of the enclosure wall structures 106a and 106b. 

It is preferable that the side surface area of the membrane fixing members 1 14 
constitute from 30% to 100% of the side surface area of rhe membrane module unit 
102, Setting the lower end of this range to 30% is preferable to avoid excessive 

JO escape of the diffused bubbles 104b to the outside of the membrane modules 103, and 
setting the lower end of this Tange to not less than 40% is more preferable. It is 
preferable that the upper end of this range be not more than 99% in order to allow for 
turbulent flow to be generated by the horizontal movement of the object liquid 101a. 
However, even arranging the membrane modules 103 to a 100% percentage is 

1 5 acceptable insofar as this arrangement obviates the need for enclosure wall structures 
positioned perpendicularly to the membrane modules 103, thereby decreasing the cost 
of the membrane module unit 102. 

The methods of operating die membrane separator according to the present 
invention include an immersion suction filtration method and a gravity filtration 

20 method based on a water head difference. 

A method of operating the above-described membrane separator assembly 120 
having hollow yarn membranes 1 13 will now be described widi reference to FIGS. 1- 
4. The inner main passageways 1 15 of the membrane fixing members 114 are 
connected to a suction pump 105b via the recovery passage 102'. The main 

25 passageway 1 15 are in fluid communication with the membrane passageways defined 
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with the hollow yam membranes U3. By operating the suction pump, the object 
liquid 101a is suction filtered through the hollow yarn membranes 1 13. Because the 
membrane passageway are accessible to water via permeation through pores of the 
separating membranes 1 13 and inaccessible to solids which cannot pass through the 
5 pores of the separating membranes 1 1 3, water is passed through die hollow yam 
membranes 1 13 while undesired solids are not, thereby effecting the solid-liquid 
separation. The filtrate reaching the membrane passageways of the hollow yarn 
membranes J 13 flows therefrom to the inner main passageways 1 15 through the slits 
1 1 6 of the membrane fixing members 1 14, and is discharged to the outside of the 
10 treatment vessel 100 through the pipe 102\ Consequendy, sludge is collected on the 
surfaces of the hollow yarn membranes 1 13. 

Operation of the gas diffuser 104 prevents undesired clogging of the 
membranes 1 13. When the membrane cjeaning effect is taken into consideration, the 
discharge rate of a gas during a gas diffusion operation is preferably set to 10-150 
15 NmVm 2 /hr per the horizontal cross-sectional area of the membrane module unit 102 
(10-150 normal cubic meter per cross-sectional area of lm 2 and per lhour). When a 
dissolution rate of oxygen and economical efficiency are additionally taken into 
consideration, the gas dischaigo rat© is more preferably set to 20- 1 00 NnvVnAhr* 
In this arrangement, an average vertical velocity (Vj in FIG. 1) of the gas- 
20 liquid mixed flow in the region of the membrane modules 103 can be regulated by 
adjusting the gas diffusion rate within the above-mentioned range by regulation of 
blower 1 05b. In view of the necessity of improving the cleaning effect by generating 
a gas-liquid mixed flow, this average moving velocity of flow is preferably set to .ax 
least 0.01 m/scc, and, preferably at least 0,05 m/sec. In order to prevent the exertion 
25 of an excessive force capable of breaking the membrane modules 103, it is preferable 
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to set an upper limit of the average moving velocity of flow to 1.5 m/sec, and more 
preferable to 1 m/sec. 

An average horizontal velocity (V 2 in FIG. 1) of the gas-liquid mixed flow in 
the region of the membrane modules 103 can be regulated by adjusting the clearances 
5 among the membrane fixing members 114 within the above-mentioned range and the 
gas diffusion rate within the above-mentioned range. In order to improve cleaning 
performance by generating a turbulent flow, the lower limit of this average moving 
velocity of flow is preferably set to 0.01 m/sec, and more preferably 0.05 m/sec. In 
order to prevent the exertion of an excessive force capable of breaking the membrane 
10 modules 103, the upper limit of this average moving velocity of flow is preferably set 
to IS m/sec, and more preferably 1 m/sec. 

The moving velocity of flow in the vertical or horizontal direction of the gas- 
liquid mixed flow on the membrane surfaces can be determined approximately by 
measuring the moving speed of ihe gas-Hquid mixed flow in the vicinity of the 
15 membrane modules 1 03 by, for example, a method of optically measuring the moving 
speed of particles and bubbles in the object liquid, or with an electromagnetic counter- 
flow meter utilizing an induction current based on a Fafaday effect. The average 
moving speed represents an average value of the moving speeds of the gas-liquid 
mixed flow measured by the above-mentioned method at at least two points, e.g., a 
20 central portion and an end portion of the membrane modules 103, preferably at not 
less than two points at least two times at an interval of 50-60 minutes, and more 
preferably not less than two times. 

An example of another embodiment of the present invention will now b« 
described in connection with FIG. 25, which shows another liquid-solid separating 
25 membrane assembly 220. 
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The basic construction of assembly 220 is identical to that of the assembly 120 
shown in FIG. 1. Unlike assembly 120, however, the assembly 220 depicted in FIG. 
25 includes enclosure wall structures 206a and 206b having, in at least portions 
thereof, passages 207. The passages 207 are constructed and arranged to pass object 
5 liquid from the interior of the membrane module unit 202 to the exterior of the unit 
202 or in the opposite direction, Lc t from the exterior to the interior of the membrane 
module unit 202. When two enclosure wall structures 206a and 206b are positioned 
as shown in FIG. 26, die passages 207 may be provided in one or both of the 
enclosure wall structures 206a and 206b. When a plurality of membrane modules 203 
1 0 (having membranes 213) are used, the passages 207 are preferably provided in the 
both enclosure wall structures 206a and 206b (as shown in FIG. 26) to uniformly 
clean all of the membrane modules 203. 

When four enclosure wall structures 206a, 206b, 206c, and 206d are provided 
as shown in FIGS. 27 and 28 f the passages 207 (not shown in FIG. 27) may be 
15 provided in all or some of die enclosure wall structures 206a-206d. However, when a 
plurality of membrane modules 203 are used, the passages 207 are preferably 
provided in two opposing enclosure wall structures 206a, 206b (FIG. 29) or 206c, 
206d (FIG. 30) to uniformly clean each of the membrane module 203. . 

FIGS. 31-39 are representative, yet not exclusive or exhaustive, examples of 
20 various configurations suitable for the passages 207. As shown in the figures, suitable 
configurations for the passages 207 of the enclosure wall structures 206 include 
elongated horizontal Tectangular slits (FTG. 31), elongated vertical rectangular slits 
(FIG. 32), slits having sinusoidal patterns (FIG. 33), elongated slanted rectangular 
slits (FIG. 34), circular slits (FIG. 35), star-shaped holes (FIG. 36), elliptical holes 
25 (FIG. 37), polygonal holes (FTG. 38), and random, irregular holes (FIG. 39). The 
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distribution of the passages 207 is not specially limited either. The passages 207 may 
be regularly or irregularly distributed. 

Where the passages 207 are provided, preferably the passages 207 constitute at 
least 1% of the total surface area of their associated enclosure wall structure 206 so as 
5 to permit movement of object liquid therethrough. The passages 207 preferably 
constitute no more than about 60% of the total surface area of their associated 
enclosure wall structure 206, since excess flow of object liquid through the enclosure 
wall structures 206 decreases the membrane surface cleaning efficiency achieved 
during operation. 

10 The enclosure wall structures 206 having the passages 207 can be 

manufactured by subjecting plate-type materials to punching, cutting or boring to 
form boles 207. The cross-sectional area of each of the passages 207 is preferably not 
less than about 10 mm 2 . 

Attachment of the enclosure wall structures 206 to each other will now be 

15 described with reference to FIG. 40. As shown in FIGS. 40, a plurality of membrane 
modules 203 are arranged parallel to and interposed between the enclosure wall 
structures 206. A plurality rod-like connectors 221 extend between and connect the 
enclosure wall structures 206. Although four connectors 221 are depicted in the 
illustrated embodiment, it is understood that a lesser or greater number of connectors 

20 221 can be used, although preferably there is at least four connectors 221 respectively 
provided at the four comers of the enclosure wall structures 206. Also, although the 
connectors 221 are depicted having a rod-like shape with circular cross section, it is to 
be understood that other shapes, such as those having elliptical, polygonal, varying, or 
random cross sections can be used, 
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The enclosure wall structures 206 and the connectors 221 can be attached to 
each other by any suitable method For example, a bonding agent and/or screws can 
bo used. In order to facilitate assembly, the enclosure wall structures 206 are 
preferably formed with receiving holes 222 into which ends of the connectors 221 can 
5 be inserted, the holes 222 being appropriately the same diameter of the ends of the 
connectors 221. Optionally, the receiving holes 222 and the ends of the connectors 
221 can have complementary screw threaded surfaces. Additionally or in the 
alternative, mechanical fasteners and the like may be used 

Any material having sufficiently high strength to withstand external forces 
10 encountered during use can be chosen for making the connectors 221. By way of 
example, suitable materials include metals, ceramics, porcelain, and synthetic resins. 
Synthetic resins are preferably due to their low costs, high processability, light 
weight, and high handlability. Suitable synthetic resins include, by way of example, 
polycarbonate, polysulfone, polypropylene, polyethylene, acrylic resin, ABS resin and 
15 polyCvinyl chloride) resin. 

It is to be understood that the present invention is not limited to containing the 
connectors 221 in the manner shown. Rather, the connectors 221 can be excluded 
from the assembly 220 so thai the modules 203 arc fixed to the enclosure wall 
Structures 206 or, in the alternative, additional fixing members may be used. 
20 Nonetheless* joining the membrane fixing members 214 to connectors 221 is 

preferred, since this construction Teduces the number of the constituent members and 
weight, and hence, reduces manufacturing and laboring expenses. 

The membrane fixing members 214 may be fixed to one or a plurality of 
connectors 221. When hollow parts such as, for example, resin pipes, arc used as the 
25 connectors 221 and the connectors are jointed rightly with the membrane fixing 
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members 214, the connectors 221 also serve as filtrate collecting pipes for collecting 
the filtrate therein and recovering the same therethrough. The presence of additional 
flow passageways in the connectors 221 Ls preferred for reducing the number of the 
constituent members of the assembly 220. 
5 HO. 41 shows a modified version of FIG. 40, in which the membrane fixing 

members 214 are arranged horizontally, instead of vertically as in FIG. 40. 

The gas diffuser 104 is illustrated in isolation in FIG. 42. The gas difftiser 104 
is constructed and arranged to guide air from a blower across the interior of the 
aeration vessel 101 a. The gas diffuser 104 includes opposing main pipes 125 with a 
1 0 plurality of branch pipes 1 26 extending perpendicularly between the main pipes 125. 
The main pipes 125 and branch pipes 126 arc in fluid operation with each other so 
that, during operation, gas, such as air, received in the main pipes 1 25 (via pipes 228) 
is transported from the main pipes 125 to the branch pipes 126 and expelled from gas 
discharged ports 127 into the vessel 101 a. 
15 As shown in FIG. 43, the cross-sectional area A2 of the inner surfaces of (he 

main pipes 125 is preferably larger than the cross-sectional area Al of the inner 
surfaces of the branch pipes 126. As referred to herein, Al, A2 mean the cross- 
sections taken along a direction perpendicular to the axes of the pipes 125 and 126. 
Al and A2 are preferably selected so that a ratio of A2:A1 is in the range 20 > A2/A1 
20 £ 2 in order to minimize the likelihood of the branch pipes 126 being shattered by 
pressure differences. As a result of equalizing pressure, it is possible to prevent 
sludge from entering, and thereby blocking the gas discharge ports 127. 

~ It is to be understood that the gas diffuser 104 shown in FIGS. 42 and 43 is not 
the exclusive gas diffuser which can be used with this invention. For example, as 
25 shown in FIG. 44, the gas discharge ports 127 can be provided in the lowermost 
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portions of the branch pipes 126 to tether reduce the likelihood of sludge blocking 
the ports 127 and/or entering branch pipes 1 26. As shown in FIG. 45, the gas 
discharge ports 127 can include flow conduit members 129 extending therethrough. 
The flow conduit members 1 29 can be made of the same material as the branch pipes 
5 1 26. The flow conduit members 129 are preferably cylindrical (as shown) in order to 
enhance proccssability; however, other shapes, such as tubes having polygonal, 
elliptical, or random cross sections can be used. Any suitable joining technique, such 
as bonding and/OT welding, can be used to join the flow conduit members 129 to the 
branch pipes 126. 

10 As referred to herein, cross-sectional area of the openings for the flow conduit 

members 129 means the area of a flat-surfaced sheet covering the opening when the 
sheet is stretched onto the inner edge defining the opening when the curved edges are 
positioned on the same plane. Suitable openings include circular side openings 
(FIGS. 46A and 46B), slits (FIGS. 47A and 47B), and diagonal openings (FIGS. 48A 

15 and 48B). The arrangement and size of the openings can be designed to achieve such 
objects as decreasing the velocity of flow of the discharge air at the inner openings, 
preventing the air accompanied by dried sludge from entering the gas diffusion pipes, 
minimizing the possibility of blockage of the gas discharge openings due to dried 
sludge, and preventing the gas discharge openings from being blocked up for a long 
20 period of time. 

According to one preferred embodiment, tho flow conduit members 129 have 
one or more openings positioned outside of the ports 127 of the branch pipes 126 and 
one or more openings positioned inside of the porta 127 of the branch pipes 126. The 
openings positioned outside of the branch pipes 126 preferably collectively have a 
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cross-sectional area A*,, that is less than a collective cross-sectional area Ai„ of the 
openings positioned inside of the branch pipes 126. 

FIG. 49 shows one of the branch pipes 126 having a cover 126a disposed 
within the branch pipe 126, and more particularly around a portion of the pipe 126 
5 defining a corresponding gas discharge port 127. The covets 126a assist in preventing 
dried sludge or the like from blocking associated gas discharge ports 127 or entering 
the branch pipe 126. The cover 1 26a includes holes, slits, or other types of 
perforations designed to permit the passage of gas. By way of example, a metallic net 
can be used as the cover 126a. The diameter or width of the holes of the cover 126a is 
10 preferably from about 0.3 mm to about 3 mm in view of the diameter of the gas 

discharge ports 127 and the size of the dried sludge desired to be trapped. Cover hole 
diameters less than 0.3 mm arc not preferable because a pressure loss of the gas 
passing therethrough increases. On the other hand, it is preferred that the cover hole 
diameters not be larger than 3 mm to prevent dried sludge from passing through and 
1 5 blocking the ports 127. The collective cross-sectional area Ain of the openings of the 
cover 126a is preferably larger than the cross-sectional area Aout of the gas discharge 
opening to be covered. More preferably, the ratio of Ain/Aout is more than 1 .2 and 
less than 10. When the ratio is less than 1.2. the ports 127 tend to be blocked. Setting 
this ratio to higher man 10 results in a cover I26a of such large size that the cover 
20 126a can obstruct the flow of air. 

The through hole covers 126a can be made of the same or a different material 
as the branch pipe 126a, although tho materials are preferably the same in order to 
promote securing of the covers 126a to the branch pipe 126. 
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An example of still another embodiment of the present invention will now be 
described in connection with FIGS. 50-54. which shows another liquid-solid 
separating membrane assembly 320. 

The basic construction of assembly 320 is identical to that of the assembly 120 
5 shown in FIG. 1 and assembly 220 shown in FIG. 25. Unlike assemblies 120 and 
220, however, the assembly 320 depicted in FIGS. 50-54 includes a membrane 
module unit 302 divided into separate sets of membrane modules 303. (For the 
purposes of this discussion, unit 302 is designated as having separated sets 302a and 
302b of modules. It is understood, however, the sets 302a and 302b can be separate 
) membrane module units with an enlarged clearance 3 17 therebetween.) The filtration 
system of the assembly 320 includes the same parts, e.g., water collecting pipe 302' 
and pumps, and operates in substantially the same manner as discussed above in 
connection with FIG. 1. 

The assembly 320 generally comprises a treatment vessel 300 filled with an 
object liquid, a membrane module unit 302 provided in the interior of the treatment 
vessel 300, a gas diffuscr 304 provided below the membrane module unit 302, and 
four enclosure wall structures 306 provided so as to be opposed to the front, rear, and 
left and right side surfaces of and surround the membrane module unit 302 and the 
gas diffuser 304. The membrane module unit 302 is divided into two sets 302a and 
302b of substantially quadrangular flat-type membrane modules 303, which are 
arranged parallel to one another so as to provide each of the sets 302a and 302b with a 
substantially parallelopipedal external appearance. The membrane module unit 302 is 
disposed so that the membrane surfaces of the flat-type membrane modules 303 arc 
perpendicular to a bottom surface of the treatment vessel 300. Although the above- 
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mentioned various modes of modules can be used, th e hollow yam membrane 
modules shown in PIG. 4 are preferably used as modules 303. 

As shown in FIGS. 52 and S3, the membrane modules 303 are spaced from 
eadi other at uniform and repeating intervals W, with the exception of clearance 317 
5 between adjacent sets 302a and 302b, which have outermost yet facing modules with 
respective lateral axes that are spaced from each other by Wa,, Referring to FIGS. 52 
and 53, A is equal to the length of a side of the membrane separation unit 302 which 
is parallel to modules 303, and B is equal to the overall length of the side of the unit 
302 which is perpendicular to the modules 303. 

TO The total area of the membrane module unit 302, as determined by the lengths 

A and B, and W are not specially limited, but are determined based on the intended 
application. In preferred examples, however, A is in a range of from about 30 cm to 
about 1 m, and W is about 1 to about 3 times the width of the membrane fixing 
members. The frequency of clearances 3 17 is determined based on such factors as the 

15 intended application and lengths A and B. For example, FIG. 54 shows two clearances 
3t7a and 317b located between sets 302a, 302b and 302b, 302c, respectively, of the 
membrane separating unit 

Preferably, it is preferred that the sets of the mcmbrano separating unit 302a 
and 302b have lengths (from outermost membrane modules) of 0.2 to 2 times, more 

20 preferably 0.4 to 1 .5 times, the length A. When the length of the unit sets 302a and 
302b is more than 2 times the length of A, cleaning efficiency is adversely affected. 
On the other hand, when the length of the unit sets 302a and 302b is less than 0.2 
times the length of A, the integration efficiency of the membrane modules 303 
decreases significantly. 
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Wa is preferably not more than 5 times the length W f and preferably is not 
more than 4 times the length W, in order to maintain a high integration efficiency. 
Wa is preferably not less than 1 .2 times the length W. and more preferably not less 
than 1 J> times the length W, in order to maintain a satisfactory cleaning efficiency. 
5 As shown in FIG. 53, a partition plate 31 8 can optionally be provided in the 

clearance 317. The partition plate 318 serves to restricts the direction of movement of 
the gas-liquid mixed flow, and improves the cleaning performance achieved by the 
diffuser 304. The partition plale 3 1 8 is normally centered in the clearance 3 17 so as 
to be parallel to and half way between facing membrane modules 303 of adjacent unit 
1 0 sets 302a and 302b. Although the material for the partition plate 317 is not specially 
limited, for example, a resin, a metal and a ceramic material can be used. Tbe 
partition plate 317 is depicted as a flat plate, although other shapes can be used. The 
width of the partition plate 317 is selected suitably in accordance with tbe clearance 
size Wa, and preferably is from about 1 mm to about 10 ram. The partition plate 3 1 7 
15 can have an area substantially equal to that of the surface area of the membrane 
modules 303. 

As mentioned above, more than one clearance 3 17 can be provided. For 
example, HO. 54 illustrates two clearances 317a and 317b. The size Wa of each of 
the clearances are illustrated as being equal, although it certainly falls wiihin the 
20 scope of the invention to vary the size of Wa so as to differ between 3 1 7a and 3 17b. 

As shown in the embodiment depicted in FIGS. 52-54, as well as the other 
embodiments described above, the end portions of the membrane modules 303 of a 
given unit 302 are disposed in linear relation, so rhat the membrane modules 303 of a 
given unit 302 collectively define a rectangle when viewed from above. It is 
25 understood, however, that the membrane modules 303 may be placed in other 

27 



WO 00/09245 PCT/JP99/04376 



arrangements. For example, the end portions of the membrane modules 303 can be 
arranged in a diagonally staggered manner to define a parallelopiped. When the end 
portions are disposed in a staggered manner, the value of A (for the purposes of 
determining Wa) is the length of the top surface of a parallelopiped of a minimum 
5 volume enclosing the membrane separating unit 302. 

The embodiment of FIGS. 52-54 comprises four enclosure wall structures 
306a. 306b, 306c, and 306d arranged parallel with corresponding side surfaces of the 
membrane module unit 302 so as to surround the membrane module unit 302 and the 
gas diffuser 304. Because the unit 302 and the gas diffuser 304 is surrounded by the 
10 enclosure wall structures 306a-306d f ihe gas-liquid mixed flow generated by the 
diffuser 304 remains in proximity to the unit 302 to promote uniform cleaning by 
uniform distribution of the gas-liquid mixed flow. It is to be understood, however, 
that only two side surfaces located on opposite sides of the unit 302 can be used. 
The distance between, on the one hand, the membrane separating unit 302 
1 5 and/or the gas diffuser 304 and, on the other hand, the enclosure wall structures 306 is 
usually set to from about 10 mm to about 200 mm. Although the material for the 
enclosure wall structures 306 is not specially limited, suitable materials include, for 
example, resins, metals and ceramic materials. The enclosure wall structures 306 may 
comprise, by way of example, flat plains or corrugated plates, as long as the enclosure 
20 wall structures 306 enclose the membrane module unit 302 and the gas diffuser 304. 

According to the present invention, a suitable sue of clearance 317 is provided 
between adjacent sets of membrane modules 303. Therefore, the gas-liquid mixed 
Dow generated by the gas diffuser 304 rapidiy moves up between the membrane 
modules 303, and the membrane modules 303 are efficiently scrubbed, whereby the 
25 filtration operation progresses with the absoiption of solid matter to the membrane 
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surfaces being minimized. Since the cleaning effect dtie Co die air scrubbing of the 
mcmbrano surfaces is thus improved, the solid-liquid separation can be carried out at 
a high flow rate by preventing solid matter from clogging of the membrane surfaces. 
This enables a reduction in maintenance frequency, thereby reducing interruptions to 
5 the filtration operation. The arrangement of the enclosure wall structures 306 

partition plate 318 in parallel relation to the membrane modules 303 further improves 
the uniformity and efficiency of cleaning. 

The cleaning effect, oxygen dissolution rate in a biological treatment, and 
economical efficiency can be controlled by adjusting the discharge rate of the gas 
10 from the gas diffuser 304 and average moving velocity of the gas-liquid mixed flow in 
the vertical direction during a filtration control operadon. 

During use, the separating membranes are cleaned with a solution comprising 
a detergent The detergent preferably comprises a percarbonate-containing material, 
such as peroxocarbonatc, which includes peroxomonocarbonate and 
15 peroxodlcarbonate. The percarbonate exists in the condition in which hydrogen 
peroxide is adducted in carbonate. The percarbonate in use is desirably an alkali 
metal salt or alkali earth metal salt, such as sodium salt, potassium salt, lithium salt, 
calcium salt, magnesium salt and beryllium salt, with sodium percarbonate 
(Na^CCV I.5H2O2) being preferred. The percarbonate preferably constitutes from 0.1 
20 wt% to 10 wt% of the solution, and more preferably 1 wt% to 5 wt% of the solution. 
When the percarbonate is dissolves into the water, the organisms deposited on 
the membrane surfaces are decomposed due to the hydrogen peroxide component, so 
that clogging of die membrane is prevented. Additionally, the detergent of this 
invention does not generate noxious substances, making it environmentally desirable. 
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The detergent preferably farther comprises at least one bivalent iron salt, 
which improves the cleaning capability of the percarbonate via the so-caiJed Fcnton's 
reaction in which hydrogen peroxide adducted in the percarbonate reacts with the 
bivalent iron ions to form OJT radicals. 
5 H2Cfe + Fe 2+ OH+OH- + Fe* 

The OH" radicals have a very high oxidation reactivity, such as hydrogen 
extraction reactivity with respect to organisms, and promote the oxidation 
decomposition of organisms. The bivalent iron salt used in this detergent may be 
supplied as any kind of salt, including, for example, in the form of a chloride, sulfate, 
10 or nitrate. The content of bivalent iron ions in the cleaning solution according to the 
present invention preferably is in the range of 1 x 1 0" g to lxl 0" x (mol/1), and more 
preferably in the range of lxlO" 7 to lxlO -1 (mol/1). 

The detergent according to the present invention may optionally also contain 
at least one of an oxidizer other than hypochlorite and hydrogen peroxide, a 
1 5 surfactant, a chelating agent, and acid and a pH regulator. A representative surfactant 
is dodecy] sodium sulfonate. A representative class of pH regulators are phosphate 
regulators. 

In order to use the detergent comprising the above-mentioned composition for 
separating membranes according to the present invention, it is dissolved completely in 
20 water. 

In the cleaning method according to the present invention, a system for 
bringing separating membranes to be cleaned and detergent into contact with each 
other is not specially limited as long as it enables the separating membranes and 
detergent to contact each other sufficiently. An immersion system or a liquid passing 
25 system is preferable. An immersion system involves placing the inner and outer 
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portions of the separating membranes completely under the surface of a solution 
comprising the detergent The liquid passing system involves passing a cleaning 
solution through the separating membranes in the same manner as in a regular 
separation operation. When the cleaning solution and separating membranes are 
5 brought into contact with each other, physical cleaning methods, such as a scrubbing 
method with bubbles and a cleaning method using ultrasonic waves may further be 
combined with the above-mentioned method. 

Ascertaining operation conditions, such as, for example, temperature and time, 
for accomplishing a suitable cleaning effect while preventing undue amounts of 
10 membrane clogging is within the purview of a skilled artisan having reference to this 
disclosure and may be based on such factors as the nature of solid substances in the 
object liquid and the concentration of percarbonate and other ingredients in the 
detergent. 

Priority is based on the following Japanese Patent Applications: Application 
15 No.228394/1998 filed on August 12, 1998; Application No. 228921/1998 filed on 
August 13, 1998; Application No. 257209/1998 filed on September 10, 1998; 
Application No.2572 10/1 998 filed on September 10, 1998; Application 
No.277913/1998 filed on September 30, 1998; Application No. 287068/1998 filed on 
October 8, 1998; and Application No. 298838/1998 filed on October 20, 1998. The 
20 complete disclosures of each of these Japanese Patent Applications are incorporated 
herein by reference. 

The principles of this invention will not be further elucidated upon with 
reference to the following examples, which are not intended to be exhaustive or 
•exclusive of the scope of this invention. 

25 
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EXAMPLES 

Example 1 

Five hollow yam membrane modules (Commercial name: Sierapore L 
manufactured by the Mitsubishi Rayon Co., Ltd.) constructed in the maimer shown in 
5 FTO. 4 were provided. Each of the modules comprised a hollow polyethylene yarn 
membrane with average pore diameters of 0.1 fim. The membranes were developed 
and fixed in the shape a screen between opposing membrane fixing members 
containing passages, so that die membrane fixing members also served as wall 
collecting members. A distance between centers of adjacent modules was 6 cm. A 
10 gas diffuser was provided belowthe membrane modules so as to be spaced from 
lower end portions of the membrane modules by 45 cm. First and second resin plate- 
like opposing enclosure wall structures (100 cm in height, 85 cm in width, and 1 cm 
in thickness) and third and fourth resin plate-like opposing resin plate-like enclosure 
wall structures (100 cm in height, 35 cm in width, and 1 cm m thickness) were placed 
15 in contact with one another and arranged to enclose tbe membrane modules. 

The gas diffuser comprising five vinyl chloride pipes of 3 cm in outer 
diameter, 0-3 cm in wall thickness and 30 cm in length was used, with the five vinyl 
chloride pipes being spaced at intervals (between axes) of 18 cm. Four gas discharge 
holes of 03 cm were formed at intervals of 7 cm in a top wall portion of each of these 

20 pipes. Both ends of each pipe were joined to vinyl chloride pipes of the same 

i. 

diameter having a length of 80 cm, thereby forming a rectangular structure. 

Gas was diffused by using a blower under the condition that an intensity of 
diffusion of the gas was set to 75 nrVmVhr per horizontal cross-sectional area of the 
membrane separator, In each of the examples provided herein, the gas was air. 
25 Active sludge having a MLSS concentration of 8000 to 1 2000 mg/L was 

subjected to a one-year continuous filtration treatment using a suction pump under the 
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% 2 

conditions including a membrane permeation velocity of flow of LV«0.01 m' /m /hr 
with the membrane separator operated intermittently so that 13-minute filtration and 
2-minuie interruption alternated. 

5 Example 2 

A filtration treatment was carried out by using the same hollow yarn 
membrane modules as those in Example 1 and changing the following conditions 
only. The gas diffuscr had five vinyl chloride branch pipes of 3 cm in outer diameter 
and 0.3 cm in wall thickness. The branch pipes were bent at both end portions thereof 

10 at an angle of about 90, and were arranged at intervals of 1 8 cm. Both ends of each of 
the branch pipes were joined to lowermost portions of main pipes formed of vinyl 
chloride pipes having an outer diameter of 5 cm, a wail thickness of 0.4 cm, and a 
length of 80 cm The length of horizontal portions of the branch pipes was 30 cm, 
and the length of vertical portions of the branch pipes were 5 cm. In the bottom of the 

15 horizontal portions of the branch pipes were formed four gas discharge ports of 3 cm 
diameter; the gas discharge ports were spaced at 7 cm intervals. 

A gas was diffused in the same manner as in Example 1 by using a blower 
under the condition that the gas diffusion intensity was set to 75 mVm 2 /hr per cross- 
sectional area of the membrane separator. A filtration treatment was also conducted 
20 under the exact same conditions as in Example 1 . 

Example 3 

A filtration treatment was conducted by using the same hollow yam 
membrane modules as those :a Example 1 and changing tbe following conditions 
25 only. Vinyl chloride tubular members having an outer diameter of 0.5 cm, an inner 
diameter of 0.3 cm, and a length of 2 cm were fitted into the gas discharge holes of 
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flic branch pipes of the same diffuser as in Example 2. Two lareral holes having 
diameters of 0.3 cm were provided in the portions of the tubular members positioned 
in the interior of the branch pipes. 

A gas was diffused in the same manner as in Example 1 by using a blower 
5 under the condition that gas diffusion intensity was set to 75 mVmVhr per horizontal 
cross-sectional area of the membrane separator. A filtration treatment was also 
conducted under the exact same conditions as in Example 1. 

Example 4 

10 A filtration treatment was conducted by using the same hollow yam 

membrane modules as those in Example 1 and changing the following conditions 
only. Two resin plates having a height of 50 cm, a width of 85 cm, and a thickness of 
1 cm were arranged on the outer sides of the membrane modules so that the resin 
plates extended parallel to the membrane surfaces. The gas diffuser provided was 
1 5 spaced below the membrane modules by a clearance of 45 cm The periphery of the 
gas diffuser was enclosed with two resin plates having heights of 50 cm, widths of 85 
cm, and thicknesses of 1 cm and two resin plates having heights of 50 cm in height, 
widths of 35 cm, and thicknesses of 1 cm. 

Each membrane fixing member had a width (when viewed from the side) of 5 
20 cm and a length of 45 era. The membrane fixing members were arranged so that the 
percentage of the total area of the membrane fixing members with respect to an area 
of a rectangle roughly defined by the membrane module unit was 86.2%. 

A gas diffuser identical with that used in Example 2 was used. A gas was 
diffused in the same manner as in Example 1 by using a blower under the condition 
25 that the gas diffusion intensity was set to 75 raVmVhr per horizontal cross-sectional 
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area of the membrane separator. A filtration treatment was also conducted under the 
exact same conditions as in Example 1 . 

Examples 

5 A filtration treatment was conducted by using the same hollow yam 

membrane modules as those in Example 1 and changing the following conditions 
only. Five membrane modules were arranged laterally so that a distance between the 
centers of adjacent membrane modules was 10 cm. The percentage of the side surface 
area of all of the membrane fixing members with respect to the side surface area of 
10 the membrane module unit was 55.6%. Two resin plates each having a height of 50 
cm, a width of 85 cm, and a thickness 1 cm were arranged on outer sides of the 
membrane modules so that the membrane modules were interposed therebetween. A 
gas dlfftiser was provided under the membrane modules and spaced from lower end 
portions of the membrane modules by 45 cm. The periphery of the gas difftiser was 
1 5 enclosed with two opposing resin plates having a height of 50 cm, a width of 85 cm, 
and a thickness of 1 cm and two additional opposing resin plates having a height of 50 
cm, a width of 50 cm, and a thickness of 1 cm. 

The gas diffuser was formed in the same manner as in Example 4 f except that 
a length of horizontal portions of the branch pipes was set to 40 cm with 6 gas 
20 discharge holes provided therein at intervals of 7 cm. Gas was diffused in the same 
manner as in Example 1 by using a blower under the condition thai the gas diffusion 
intensity was set to 75 m 3 /m 2 /hr per a horizontal cross-sectional area of the membrane 
separator. A filtration treatment was also conducted under the exact same conditions 
as in Example 1 . 

25 

Example 6 
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A filtration treatment was conducted by using the same hollow yarn 
membrane modules as those in Example 1 and changing the following conditions 
only. The enclosure wall structures were arranged in tbe same manner as in Example 
l f except that the enclosure wall structures collectively had 1 8 vertically extending 
5 slit-type passages. Hie passages extended 90 cm in height and 1 cm in width, with 
the slits being laterally spaced from each other by 10 cm intervals. Seven of the 
passages were formed in each of the longer enclosure wall structures, and two of the 
passages were formed in each of the shorter length enclosure wall structures (thereby 
providing the 18 passages). Collectively, the slit-type passages constituted 6.75% of 

1 0 the surface area of the enclosure wall structures. 

A gas diffuser identical with that used in Example 2 was used. A gas was 
diffused in the same manner as in Example 1 by using a blower under the condition 
that the gas diffusion intensity was set to 75 m 3 /m 2 /hr per horizontal cross-sectional 
area of the membrane separator. A filtration treatment was also conducted under the 

1 5 exact same conditions as in Example 1. 



Example 7 

A filtration treatment was conducted by using the same hollow yarn 
membrane modules as those in Example 1 and changing the following conditions 

20 only. The enclosure wall structures were arranged in the same manner as in Example 
1. However, the enclosure wall structures were collectively provided with a total of 
40 slit-type passages, each having a length of 95 cm and a width of 3 cm, with 
adjacent passages being spaced laterally from each other by 2 cm intervals. Each of 
the longer length enclosure wall structures had fifteen of the passages, whereas each 

25 of the shorter length enclosure wall structures had five of the passages (thereby 
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totaling 40 passages), Collectively, the slit-type passages constituted 47.5% of the 
surface area of the enclosure wall structures. 

A gas diffuser identical with that used in Example 2 was used. A gas was 
diffused in the same manner as in Example 1 by using a blower under the condition 
5 that the gas difllision intensity was set to 75 m 3 /m 2 /hr per horizontal cross-sectional 
area of the membrane separator. A filtration treatment was also conducted under the 
exact same conditions as in Example 1 . 

Example 8 

10 A iotal of eighteen hollow yarn membrane modules identical to those in 

Example 1 were arranged as follows. A first set of six of the hollow yarn membrane 
modules were arranged laterally, with the membranes and water collecting members 
being vertical. A clearance of 12 cm in width was provided adjacently to a forward 
end module. A second set of six of the hollow yam membrane modules were 
15 subsequently arranged in the same manner, with a first clearance of 6 cm between the 
first and second sets of hollow yam membrane modules. A third set of six of the 
hollow yarn membrane modules were then arranged in the same manner, with a 
second clearance of 6 cm between the second and third sets of hollow yam modules. 
Hie gas diffuser was spaced 45 cm under the lower end portions of the 
20 membrane modules. The periphery of the membrane modules and the diffuser were 
enclosed with four resin plate-type enclosure wall structures. A first set of opposing 
enclosure wall structures each had a height of 100 cm, a width of 85 cm> and a 
thickness of 1 cm. A second set of opposing enclosure wall structures had a height of 
100 cm, a width of 13S cm, and a thickness of I cm. Partition plates having heights 
25 of 100 cm, widths of 85 cm, and thicknesses of 1 cm were provided in the first and 
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second clearances. This anrangement met aO the clearance-providing conditions of 
the present invention. 

The gas diffuser was formed in die same manner as that in Example 2 except 
that a length of horizontal portions of the branch pipes was 125 cm, with 15 gas 
5 discharge holes provided therein at intervals of 7 cm. Gas was diffused in the same 
manner as in Example 1 by using a blower under the condition that the gas diffusion 
intensity was set to 75 m 3 /m 2 /hrper horizontal cross-sectional area of the membrane 
separator. A filtration treatment was also conducted under the exact same conditions 
as in Example 1 . 

10 

Example 9 

A filtration treatment was conducted using hollow yam membrane modules 
identical with those used in Example 8. The number and arrangement of the 
membrane modules were identical with those of Example 8- The only difference from 
15 Example 8 was that no partition plates were provided in the clearances. 

The gas diffuser was also formed to the same construction as that used in 
Example 8. Gas was diffused in the same manner as in Example i by using a blower 
under the condition that the gas diffusion intensity was set to 75 m 3 /m 2 /hr per 
horizontal cross-sectional area of the membrane separator. A filtration treatment was 
20 also conducted under the exact same conditions as in Example 1 . 

Example 10 

A filtration treatment was conducted by using hollow yarn membrane modules 
identical with those used in Example kand arranged in the same manner as those in 
25 Example 8, and changing the following conditions only. Two opposing resin plate- 
type enclosure wall structures were arranged parallel to the membrane modules. The 
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enclosure wall structures had a height of 50 cm, a width of 85 cm, and a thickness of 1 
era. The gas diffuser was provided below the membrane modules and spaced from 
lower end portions of the membrane modules by 45 cm. The periphery of die gas 
diffiiser was enclosed with four resin plate-type enclosure wall structures. A first set 
5 of two opposing enclosure wall structures enclosing the gas diffuser each had a height 
of 50 cm, a width of 85 cm, and a thickness of 1 cm. A second set of two opposing 
enclosure wall structures enclosing the gas diffuser each had a height of 50 cm, a 
width of 135 cm, and a thickness of 1 cm. 

Each membrane fixing member a width (viewed from the side) of 5 cm and a 
10 length of 45 cm, so that the membrane fixing members constituted 69.8% of the total 
side surface area of the membrane module unit. 

The gas diffuser was formed as in Example 8. Gas was diffused in the same 
manner as in Example 1 by using a blower under the condition that the gas diffusion 
intensity was set to 75 m 3 /m*/hr per horizontal cross-sectional area of the membrane 
1 5 separator. A filtration treatment was also conducted under completely the same 
conditions as in Example 1. 

Comparative Example A 

A filtration treatment was conducted by using hollow yam membrane modules 
20 identical with those in Example 1 , and changing the following conditions only. The 
filtration operation was conducted without providing resin plates around the 
membrane modules and diffuser. 

The gas diffuser was formed to the same construction as that above. Gas was 
diffused in the same manner as in Example 1 by using a blower under the condition 
25 that the gas diffusion intensity was set to 75 m 3 /m 2 /hr per horizontal cross-sectional 
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area of the membrane apparatus. The filtration treatment was also conducted under 
the same exact conditions as in Example 1. 

The differential pressure behaviors daring filtration operations in Examples 1* 
5 1 0 and Comparative Example A are shown in Table i. In all of these Examples, the 
differential pressures determined during the filtration operations after the lapse of one 
year are not higher than 4-30 kPa as compared with those determined immediately 
after the starting of the filtration operations, and stay within a practically safe range. 
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Table 1 





Initial differential pressure (kPa) 


Differential pressure after the lapse 
of one year fkPa) 


Example 1 


5 


35 


Example 2 


5 


30 


Example 3 


5 


28 


Example 4 


5 


19 


Example 5 


S 


21 


Example 6 


5 


23 


Example 7 


5 


|25 


Example^ 


5 


■17 j 


Example 9 


5 




Example 10 


5 


15 


Comparative Example A 


5 


77 



In Comparative Example A, the differential pressure determined after the 
5 lapse of one year was not lower than +70 kPa, which exceeded a practical range. By 
contrast, the differential pressure after one year for each of the Examples was less 
than one half that of Comparative Example A, and in some cases less than one quarter 
that of Comparative Example A. 



10 Example 11 

One hollow yarn membrane module used in the one-year filtration operation in 
Example I was subjected to cleaning by immersing the same in an aqueous solution 
of 1% sodium pcrcarbonatc at room temperature for 6 hours. The filtration flow rates 
at an intcr-mcmhrane differential pressure of 0.1 MPa per membrane area of 1 cm 1 of 
1 5 the membrane module were measured for the membrane module in prior to cleaning 
and after cleaning. The filtration flow rates under the same conditions were also 
measured for a brand new module. The results were as follows: 
Module uncleaned: 1.3 ml/min-cm 2 
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Module cleaned: 3.9 ml/min*cm a 
Brand-new module: 4.4 ml/min-cm 2 

Due to the cleaning operation, the filtration flow rate of up to as high as 89% 
of that of a brand-new membrane module could be regained with flic detergent of this 
5 invention. 

Hie foregoing detailed description of the preferred embodiments of the 
invention has been provided for the purpose of explaining the principles of the 
invention and its practical application, thereby enabling others skilled in the art to 
10 understand the invention for various embodiments and with various modifications as 
are suited to the particular use contemplated. Hie foregoing detailed description is 
not intended to be exhaustive or to limit the invention to the precise embodiments 
disclosed. Modifications and equivalents will be apparent lo practitioners skilled in 
this art and arc encompassed within the spirit and scope of the appended claims. 

15 
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CLAIMS 

1. A membrane separator assembly for being installed in a treatment vessel; the 
membrane separator assembly comprising: 

a flat-type membrane module comprising a separating membrane and membrane 
fixing members, a surface of a separating membrane being oriented vertically, and both 
sides of said separating membrane being fixed by said membrane fixing members; 

a gas diffuser, which is disposed below said membrane modules, for diffusing gas 
to generate gas-liquid mixed flow and cleaning the membrane surface of said separating 
membrane by means of said gas-liquid mixed flow; and 

enclosure wall structures for guiding gas diffused by said gas diffuser to the 
membrane surface of said separating membrane; 

wherein said separating membrane is positioned between a pair of said enclosure 
wall structures which are arranged parallel to the surface of said separating membrane. 

2. The membrane separator assembly according to Claim 1, wherein said enclosure 
wall structures are provided with one or more passages through which water is flowable. 

3. The membrane separator assembly according to Claim 1, wherein the total area of 
said passages comprise 1-60 % of the total surface area of said enclosure wall structures, 

4. A membrane separator assembly comprising: 

a membrane separator unit which comprises a plurality of flat-type membrane 
modules which are arranged parallel to each other, the membrane surface of said 
membrane modules being vertically oriented; and 

a gas diffuser, which is disposed below said separating membrane unit; 

wherein said flat-type membrane modules are arranged in series with regular 
intervals W in the direction of arrangement, said intervals W being 0.2 to 2 times as 
large as length A, which is defined as the length of a side of top surface of a 
parallelepiped of a minimum volume enclosing said membrane separator unit, the side 
being parallel to the membrane surface of said flat-type membrane modules; and 
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wherein said membrane units are spaced by a clearance which is 1.2 to 5 times as 
large as said intervals W. 

5. The membrane separator assembly according to Claim 4, further comprising a 
partition plate arranged parallel to the membrane surface of said flat-type membrane 
module in said clearance. 

6. The membrane separator assembly according to any one of Claims 1 through 5, 
wherein a side surface area of said membrane fixing members is 30 to 100% of a side 
surface area of said membrane separator unit. 

7. The membrane separator assembly according to any one of Claims 1 through 5, 

3 2 

wherein an amount of gas discharging from said gas diffiiser is 10 to 150 Nm /m /hr per 
a horizontal cross-sectional area of said membrane separator unit. 

8. The membrane separator assembly according to any one of Claims 1 through 5, 
wherein vertical average flow rate of a gas-liquid mixture in said membrane module is 
0.01 to 1.5 m/sec. 

9. The membrane separator assembly according to any one of Claims 1 through 5, 
wherein horizontal average flow rate of a gas-liquid mixture in said membrane module 
is 0.01 to 1.5 m/sec. 

10. The membrane separator assembly according to any one of Claims 1 through 5, 
wherein said separating membrane is a hollow fiber membrane made of polyolefin. 

11. The membrane separator assembly according to any one of Claims 1 through 5, 
wherein said membrane fixing members contain slits having substantially , 

rectangular cross sections, and 

wherein said separating membrane comprises a hollow fiber membrane 
comprising a knitted fabric having a hollow fiber as a weft yarn, the hollow fiber being 
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fixed in a liquid tight manner to said slits so as to form openings at end portions thereof. 

12. The membrane separator assembly according to any one of Claims 1 through 5, 
wherein clearance of said enclosure wall structures is fixed by at least one rod-like 
structure having a rod-like shape. 

13. The membrane separator assembly according to Claim 12, wherein said rod-like 
structure fixes clearance of said enclosure wall structures by penetrating each enclosure 
wall. 

14. The membrane separator assembly according to any one of Claims 12 and 13, 
wherein said rod-like structure also serves a filtrate collecting pipe for collecting filtrate 
from said each membrane module. 

15. The membrane separator assembly according to any one of Claims 1 through 5, 
wherein a gas diffiiser comprises a main pipe and a branch pipe, said branch pipe being 
connected to said main pipe and containing a gas discharge port, wherein a cross- 
sectional area Al of said branch pipe is less than a cross-sectional area A2 of said main 
pipe. 

16. The membrane separator assembly according to Claim 15, wherein said gas 
discharge port is arranged in a lowest portion of said branch pipes, 

17. The membrane separator assembly according to any one of Claims 1 through 5, 
wherein a gas diffuser comprises a main pipe and a branch pipe, said branch pipe 

being connected to said main pipe and containing a gas discharge port; 

wherein a conduit member is inserted through said gas discharge port of said 
branch pipe, said conduit member having an opening positioned outside of said branch 
pipe and an opening positioned inside of said branch pipe; and 

wherein said opening positioned outside of said branch pipe has a cross-sectional 
area Aout that is less than a cross-sectional area Ain of said opening positioned inside of 
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said branch pipe. 

18. The membrane separator assembly according to any one of Claims 1 through 5, 
wherein a gas diffiiser comprises a main pipe and a branch pipe, said branch pipe 

being connected to said main pipe and containing a gas discharge port; 

wherein said gas diffiiser further comprises a cover having through holes, said 
cover being disposed within said branch pipes and positioned to cover said gas 
discharge port of said branch, and 

wherein a cross-sectional area Aout of said gas discharge port is less than a 
collective cross-sectional area Ain of all of said through holes of said cover. 

19. A gas diffuser comprising a main pipe and a branch pipe, said branch pipe being 
connected to said main pipe and having a gas discharge port, wherein a cross-sectional 
area Al of said branch pipe is less than a cross-sectional area A2 of said main pipe. 

20. The gas diffuser according to Claim 19, wherein said gas discharge port is 
arranged in a lowest portion of said branch pipes. 

21. A gas diffuser comprising a main pipe and a branch pipe, said branch pipe being 
connected to said main pipe and having a gas discharge port, 

wherein a conduit member is inserted through said gas discharge port of said 
branch pipe, said conduit member having an opening positioned outside of said branch 
pipe and an opening positioned inside of said branch pipe; and 

wherein said opening positioned outside of said branch pipe has a cross-sectional 
area Aout that is less than a cross-sectional area Ain of said opening positioned inside of 
said branch pipe. 

22. A detergent for separating membranes, wherein said detergent contains 
percarbonate. 

23. The detergent for separating membranes according to Claim 22, wherein said 
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percarbonate is at least one member selected from the group consisting of alkali metal 
salt and alkaline earth metal salt 

24. The detergent for separating membranes according to Claim 23, wherein said 
percarbonate is sodium percarbonate. 

25. The detergent for separating membranes according to one of Claims 22 through 24, 
wherein said detergent further comprises a bivalent iron salt 

26. The detergent for separating membranes according to one of Claims 22 through 24, 
wherein said detergent further comprises at least one member selected from the group 
consisting of an oxidizer other than hypochlorite and hydrogen peroxide, a surfactant, a 
chelating agent, and a pH regulator. 

27. A method of cleaning separating membranes, comprising the step of contacting 
said separating membranes of said membrane separator assembly according to one of 
Claims 1 through 5, with solution comprising a percarbonate-containing detergent. 
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